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Serum and Urinary Concentrations of 
Type IV Collagen and Laminin as a 
Marker of Microangiopathy in Diabetes 

Y. Hayashi, H. MuWno, Z. OU 

Third Oepanmcnt ot tm&nal Mctfc'rie, Okafomst UntvttiHy Atfoc//ca/ 
$Cf]QOt, Qtcaya/nj 4 Japan 

Scrum and urinary concentrations of lypc IV collagen and Jamtnin were measured by 
eniyme-liokcd immunosorbent assay (fLISA) in diabetic patients and compared with 
normal control subjects. In diabetic patient? with proteinuria or wi'lh renal insufficiency, 
. serum and ur#rw*y concentration J of type IV collagen were higher titan those of control 
subjects (j> < 0.005). Furthermore urinary con cent rations of type IV collagen and laminin 
were significantly liijgher in diabetes, cv.cn in the absence of nephropathy, than in normal 
controls 0-05), Urinary concentrations of type IV eoibKcii in patients with diabetes 
and rrncroalbuminuna (0.73 ± 0.11 ing mmol"') were significantly higher than in 
diabetic patients without nephropathy (0,40 ^ 0*060 nig mmol"') (p < 0,025). Urinary 
concentrations of type IV collagen may have a role as an indicator of early diabetic 
nephropathy. Scrum concentrations of type' IV collagen in diabetic patients with 
retinopathy were significantly higher than in normal Controls (p < 0.02S). However Urinary 
concentrations of type IV collagen <p < 0.05) and scrum concentrations of laminin 
(p <: 0,02S) were xifinifi canity holier In diabetic patient* than normal control* and the 
difference between patients with and without retinopathy was not sisnificsnt, 

xer words Basement membrane Type IV collagen Laminin Microangiopathy 
Type 2 diabetes mcJIituF 



Introduction 

Morphological, biochemical, and functional alterations 
in capillary basement membranes of various organs and 
tissues tn patients with diabetes have been reported. 
Biochemical and immunobistochemical approaches have 
been used, to characterize the changes of basement 
membrane components, especially those of the glomeru- 
lar basement membrane, which Include the collagenous 
component typo IV collagen and non-coliagenous com- 
ponents lanvnrn, heparan sulphate proteoglycan, and 
fibronectin. 

Recently, radioimmunochemical methods have 
become available for the study of, basement membrane 
metabolism through measurement of serum and urinary 
concentrations of basement membrane proteins such a* 
type IV collagen and laminin or Ihcir fr^e,^^e^l5. , - l, Gamier 
Studies have demonstrated increased scrum levels of 7$ 
collagen which is C-termtnal domain of type IV collagen 
in rats with streptozotocin-induced diabetes, levels which 
can be normalized by insulin treatment. 41 Serum levels 
of 75 collagen and laminin ?"\ in patients with diabetes 
were also found to be increased in comparison to' those 
in the control groups. 1 ' Serum concentrations of laminin 
were increased in advanced diabetic nephropathy, and 
diabetic retinopathy was not found to Influence scrum 
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concentration of laminin. 7 In the present study, our aim 
was to measure both serun and urinary concentrations 
of type IV collagen and laminin by means of enzyme- 
linked immunosorbent assay (EUSA) in diabetic patients. 
The in lent ion was to apply these methods to the 
monitoring of possible changes in basement membrone 
metabolism in diabetes and to investigate whether serum 
and urinary concentrations of type IV collagen and 
laminin mighl be a useful indicator of microangiopathic 
complications in diabetes. 

Patients and Methods 

Patients 

We studied 73 patients (29 males, 44 females) with type 
2 (non-insulin dependent) diabetes mellitus. Serum and 
urine from 36 healthy .subjects were used as controls. 
Clinical characteristic* of the people studied are shown 
in Tabic 1 - Patients with oddilionaf diseases associated 
with connective tissue alterations such as rheumatic 
disorders or chronic liver disease were excluded from 
the study. 

Methods 

Type IV collagen was measured with a sandwich enzyme 
immunoassay (£IA) kit with two monoclonal antibodies 
lo ihc 7$ domain and some of the non-7S and non-NCl 
domains (IY-EIA; Fuji Chemical, Takaoka City, 
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Table 1, g.-nieat cWter.Mic; of i he control 5^jccto and diabetic patiente sjodied 



t 



Normal 



No 

nephropathy 



Microalburvjinuria Proteinuria 



Age (years) 

Sex (maJc/fcmafo) 

Duration of dlabofoj; 

(years) 
Hypertension 

(presence/absence) 
HbA,. (%) 

Treatment of diabetes 
meJIitcu: 
<liet alone 
with oral 

hypogfyraem ic tfnjgs 
with insulin 



36 

48.0 O.O) 



51.2 (2.7) 

7m 

8.1 0.7) 

5/13 
?.3 (0.25) 

0 



24 

34.7 (2.5) 
7-4 (l.Z) 
6/10 
7.6 (0.^2) 



19 
54 (1.7) 
9/10 
IT - 1 (1.4)* 

a'io 

7. a (0.37) 



Renal 
fmpairmeni 



12 
56 0.7) 
4/8 
^7.4 (2.9) fa 

AM 

(0.30) 




if 



Japan.)**.* Briefly, each well of a roicrolitre plate was 
coaled with iqq ^\ Q f monoclonal antibody solution 
dOOftg IgC ml" 1 ) at 4°C overnight. This antibody 
recognizes the NH 2 -tcrmfnal 75 domain of type JV 
collagen molecufe. In anoiber uncoaied plate, 50 n.1 of 
serum samples or Standard ontigen solution was incubared 
with 200^.1 of another monoclonal , arUibooV solution 
(60 ng peroxidase-labelled Fab >*|-' 10"2). This antibody 
recogn.zcs the central triple-helical domain near the 
COOFHerminal of type IV collagen molecule. Sub- 
sequently, loo p,l of the sample mixture was transferred 
to the washed antibody^coatcd plate and incubated for 
T h at room temperature. After washing the plate, 100 u.1 
of the enzyme substrate containing 4 $ It 1 o-phcnyJene- 
diaminc and 0.2 mf |-» hydrogen peroxide was added 
and incubated foi 15 men at room lemperarurc, Th<? 
enzyrne reaalon was stopped by adding 100 uJ 1 .33 mol 
r sulphuric acid. The absorbance of the solution was 
measured at 500 nm to calculate serum concentration of 
type IV collagen, 

Laminin was measured with a sandwich* EIA kit (Fuji 
Chemical) for human serum immunorcacrive laminin 
using 3 pair of monoclonal antibodies prepared against 
human placental laminin P1 fragment. The assay was 
coaraacrized by carrying out two immunoreactions 
simultaneously, laminin PI fragment which reacted with 
ooUi a monoclonal antibody as a. solid phase and a 
horseradish peroxidase labelled monoclonal antibody 
(fab') against human laminin Pi framcnt as conjugate. 
A 20 ul portion of laminm Pi fragments as standard 
solution or wurn was mixed with 100 p.1 mouse 
monoclonal antibody, Fab'-POD conjugate (1 mg r ') in 
a 30mmol I-' Na phosphate buffer in the Mcon 86 
wells-ftcxible assay plate, a 1 00 portion of the solution 
was then added to each of the wells coated with 
monoclonal antibodies; the microplatc was left for 60 rnin 
at room temperature without shaking. 

TYPE rv COLIAGEN ANO IAMJnin in DlABcrcs 



After washing the micropiacc twice with saline the 
POD activity bound to the microplacc was aSaJed (or 
15 mm at room temperature in a soluiion (100 td) of 
oH so ^n? - * Cid i°' 2 0101 r 1 Na P^osphw buffer, 

5? hycfr °8 en pa****:. The reaction was 

topped by adding W 0 jU sulphuric acid (1 moll-) Tnd 

Stl! Z^™^ 407 nTn WJS in a microplmc 

i^S^^' MPI V A4 ' Tok ^ Jaiwo- Theconcen. 
(ration of lamrnin was calculated from the standard curve 
^>nu™ » wds ^checked by test paper (Multisticks SC- 
^'. ,e *"5ankvo, Tokyo, Japan), For the patien* without 
K«T V" ™* «rfn«y protcn excretion, ' 

me early change of diabetic nephropathy was examined 
by urinary albumin: creatinine ra.io. Urinary albumin 
concentration was mealed by radioimmunoassay and 
urmary album ■n:cr»ar!nlne raLitf was calculated from 
urmary album.n concentration diwiM by urinary creatin- 
ine concentration. The deg.ee of diabetic nephropathy 
was rated as 1 to 4 for each patient: 

1. Mkroalbumin negative group; urinarv albumin -creat- 
inine ratio =s 60 mg mmol" 1 . 

2. Microalbuminuria group; no proteinuria but albumin- 
xrentinine ratio > 60 mg mmo!' 1 . . 
Proteinuria group: proteinuria but 'serum crearininc 
levels < 177 jtmol r\ 

Chronic renal failure group; serum creatinine levels 
^77 u^nof |-i 006 * S3.6 ^ndl |- (n >ean ± 

urine was fjliered by niter paper/ then concentrated 20 
limes by dialysis against polycdiylen Glycol. Urin 0ry 
concentrations of type IV collagen were divided by 
urinary concentrations of creatinine to exclude influence 
or urine volume. 

Glycosylated haemoglobin (HbA.J w*> mea^urej by 
<i hi8h-perform 3 nco liquid chromatography. 
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Retinopathy was determined by ophlhafmoscopy and 
classffred as without retinopathy or with retinopathy 
including simple, ^proliferative, and proliferative diV 
betic re/rnopaihy. ^ 

Statistical Analysis 

Mean value, standard deviation, and SE were calculated 
and sutlsiital analysis (Wilcoxon's test) was performed 
(0 test for significance of the differences between th Q 
values for each experimental group and those of the 
control sroup-^Spearman's rank correlation test was used 
tor the calculation of the coefficient of correlation. 

Results 

There was an overall correlation between concentrations 
of type IV collagen and laminin in sera (r = o 35 
p < 0.01) (Figure 1) and in urine (r « 0.81 p < 0 001 / 
in palrents with diabetes there was no correlation 
between HbA, c level and serum or urinary type IV 
collagen or laminin. 7 7k ^ 

In patient* will, diabetes, significantly higher serum 
concenrrarions of type IV collagen were found in the 
group with proteinuria or raised creatinine than in normal 
controls (T^ble 2). Urinory concentrations of type (V 
collagen were sign if leant Jy higher in diabetic patient*, 
even those without nephropathy, th 3n in normal controls 
(Table 2). Furthermore urinary concentrations of lype 

IV collagen in patients with microalbuminuria were 
significantly higher in those without nephropathy. There 
was a correlation between urinary concentrations of type 

V collagen and alburnin;creatinine ratio in these groups 
(r « 0.47, p < 0.01). However, there was no significant 



9/ 



10/ 



Dm 



In ih! 2 Ai-^, Um a " d l,rirta, y ^nc«ntr A tion5 of type IV colte** 
>njne d/abene patients control ^hlecis co, ^> 



Serum typo rv 
collagen 
I"' (") 



Urinary type |V/ 
collagen 

mg mrnoh 1 ( n ) 



Normal 

No nephropathy 
Microalbuminuria 

Proteinuria 
Kcnol impairment 



63 ? P.5) <1S) o.2a * 

™ , , * (0.030J 

70-6(4.9) 06) <0.4O 

70.9^5, (23, 

123.3 UT) (19) l^u' 1 ^ 

I^.T (16) (12) U 2.45 23J 
. M.03) 



(36) 
(17)* 

'73r v 
(4J> 



Mean tSE), or number. 

^^w 00 - betWe ? n urioar >' <«"«nt«iions of laminin 
artf albummxreaiinine ratio lo the*? groups 

Mo^IT col ? ccn ««'«« of laminin were significantly 

contros fTable J). Urinary concentrations of laminin 
woro s.so.ftcantfy higher in diabetic patien J, even J 
without nephropathy, lhan in „o,m 9 l controls 
3 iHow^er, th* difference between diabetic p ,S 

SSSi? OPafhy 3 " dVV,,h miCK »*™™'* ™ S 

^SUT ^^f^'*" «' 'VPS 'V collagen in diabetic 
pat.ems w.th retinopathy wen: significantly higher iban 
n norm. controls (TdWe 4). However, urinarf inoSI 

faminln v, ere s,gmfic 0 nrly higher in all the patients with 



Scrum izmhfri (py 4-; 

«0Q- 



»0- 



— r- 

ion 



flOCI 



I " 

300 



<00 



Sorum typo IV collagen (pQ I -) 



500 



ST/ - 0%7'p < oS}^ 0 "'*™ h « ^ *Pe IV colleen and laminin In 
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Semrn lammm Unnary JamJm'n 



Norma] 

Wo nephropathy 
Miaoa/buminuria 
Proteinuria 
Renal impairment 



H 0 ' 5 ^ °<«J (0.048) 06) 

t4<*<9,0) (9) 0.65 (0, Uj (T7J- 

"* (0.54) <7a/> 

321 (40,5) (3) fc 1,62(0.39) (5)*- 



M«n (5Q. or number. 

»p < O.0S C.005 compared ro control wb^, 



Scrum type IV Urinary rw* JV 

«^cn colder, 
MB r' (/?) mg mmol-' fc) 



Norma/ 

Retinopathy r— ) 

wiihpuf 
nephropathy 
with 

nephropathy 
Retinopathy (+) 

nephropathy 
iMth 

nephropathy 



63.7 P.5) 
OS-o* (22> 
6G_3 (0.6J 

9$.4 GO) 
81 

702 (22) 



00) 0.25 

(0,030) 
(17) 0.6J 

(0.1 J) 
<4> 0,2$ 

<0.O?9) 
(13) 0.65 

(0.14) 

(0-50) 
O) 0.46 
_ (0,22) 
(7^ 1.54 

(0.53) 



(36) 

(7) 

.01>* 
«J 
(9)" 



C5€). Pf mmibcr. 
- p < 0.025 And * p < 0,05 a>rnp*rcd to control .ubjeo^ 



Serum hm'wln 
P-B '~ ' in) 



Urinary Jam in in 
rng rvimol"* 



t» M BLSST "ff SSK3 8* 

nephropathy * J * U -' J ' 

OS***, 201 (29) <10r , - , «« 

nephropathy ».i-MCUl) 

Apathy 269 W) <7)> 

M«ari <5E), or number, 

TYPE rt/ COLLsCifN ano u*wnjn in DfAOCTta 



(7> 

(10)- 

<10>* 
(2) a 



diabetes and tho difference between ih* i 

Discussion 

imckervng of caprflary basement membranes Ci»JZ 
evidence suggest ,h at an inereasc j bas ^l^t^t 
r .h«i S coupled with a norma orTSS Tl'or 
degradation leads (0 an accumulation S*SLS! !r 
basement membrane."-'" Furrt wr««LT . 8 o( 

-?< . n- , , rurmermore serum level; nf 

. diob^le patient wi ,h chro, ^ ^^7^ 
concenlrauons qf (yn e IV «,ll,?„ ^ , and ur,nar >' 

£*=r ssr* - • ««"^< 

-Shod marker to detect parly n^^A/?J." 'Ji^ 
«hc urinary concenlraUonS bf typtTVtolla^r. ;„ w^? , 
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concentrations of laminin were increased in advanced 
, diabetic nephropathy." We obtained results similar to 
: those of Pietclimann et .?/. However, urinary concen- 
trations of raminin were significantly, higher in p 3 ti ems 
with diabetes, even in those withW nephropathy than 
in normal controls. These increases may indicate changes 
of laminin metabolism in g/vmcrulcr basement mem- 
brane,...- "" 

in /less advanced JUee^of^diabetic nephropathy, an 
increase oftype /V cbffogeh and laminin were reported 
in human renal specimens by irnmunohJslochemical 
.methods."-' 8 We presume that our data- of type /V 
collagen and laminin in patients with diabetes is- related 
to these immunohistochemicar results. 

Thus this non-invasive measutcmentof type JV collagen 
and lamifl, n ,n serum and urine might be useful in The 
doecl.on of alienations of the B lo.-ncr u r a r basement 
nwrnbranc. Furthermore urinary concentration* of type 
IV collagen mi e h< be a useful mark*, forrihcYpientVenol 
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